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Abstract: Sustainability assessment is essential for industries to meet global environmental 
standards. This study explores Indonesia’s Life Cycle Inventory (LCI) database development and 
its alignment with international frameworks. Through a comparative analysis of LCI roadmaps 
from Japan, Thailand, and Malaysia, the research identifies best practices and challenges. 
Findings emphasize the role of Product Category Rules (PCRs) in standardizing Life Cycle 
Assessment (LCA). Indonesia’s LCI development, in collaboration with Japan, aims to enhance 
competitiveness, improve emissions quantification, and support a low-carbon transition. The 
study provides insights and recommendations for integrating international best practices into 
Indonesia’s sustainability strategy.  

Keywords: Life Cycle Assessment (LCA); Life Cycle Inventory (LCI); Platform; Sustainability

EVERGREEN - Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 12, Issue 04, pp. 2236-2252, December, 2025

- 2236 -

Cite: N. Sasongko et al., "Comparative Review of Life Cycle Inventory Platforms: Indonesia
and Selected Countries". Evergreen, 12 (04) 2236-2252 (2025). https://doi.org/10.5109/7402652.



1. Introduction  
The industrial response to sustainability is essential for 
Indonesia to preserve its competitive advantage, especially 
in resource-dependent sectors such as forestry, agriculture, 
fisheries, and mining1,2). These industries are foundational 
to the nation’s economy but face mounting challenges due 
to increasing demand and resource depletion3,4,5). 
Quantifying the carbon footprint—denoted as carbon 
dioxide equivalent (CO₂e)—is crucial for evaluating 
greenhouse gas (GHG) emissions resulting from human 
activities such as fossil fuel use, industrial operations, and 
alterations in land use. These emissions cause 
environmental damage, including droughts, severe 
weather events, reduced water availability, and ecological 
changes6,7,8). 
GHG emissions, specifically carbon dioxide (CO₂) and 
methane (CH₄), are primary contributors to global 
warming due to their capacity to retain heat in the 
atmosphere9-12). Over time, the accumulation of GHG 
emissions triggers climate change, which has boarder 
impacts such as flooding caused by rising sea levels, 
starting with ice melting at the Earth’s poles due to global 
warming13,14,15). Changes in the Earth’s climate can also 
increase the frequency and intensity of extreme weather 
events such as hurricanes and unusual heat waves16,17). In 
addition, climate change is damaging the life of marine 
ecosystems, such as coral reefs, which are very important 
in Indonesia18,19,20). 
To address these challenges, institutions can assess their 
emissions using the GHG Protocol, which categorizes 
emissions into Scope 1 (direct emissions), Scope 2 
(indirect emissions from purchased energy), and Scope 3 
(indirect emissions across the value chain)21,22,23). This 
classification provides a structured approach to identifying 
emission sources and implementing effective mitigation 
strategies24,25,26). 
In parallel with emission management, the concept of a 
"green product" has emerged, which refers to products 
designed with the primary objective of minimizing 
environmental impacts throughout their lifecycle27,28). 
These products aim to minimize their carbon footprint, 
reduce resource consumption, and minimize adverse 
environmental effects throughout their life cycle129,30,31).  
The concept of a green product encompasses several vital 
principles: (1) Environmental Responsibility: Reducing 
energy use, GHG emissions, and resource depletion32); (2) 
Sustainable Sourcing: Using renewable or recycled 
materials to conserve natural resources33); (3) Energy 
Efficiency: Consuming less electricity, water, or fuel 
during use; (4) Low Toxicity: Reducing toxic chemicals 
for safety; (5) Longevity and Durability: Designed to last 
longer and reduce replacements; (6) Minimal Waste: 
Producing less waste, often recyclable or biodegradable; 
(7) Minimal Environmental Impact: Reducing ecological 

footprints from production to disposal; and (8) Eco-
Friendly Labels and Certifications: Certifications like 
Energy Star, USDA Organic, and Fair Trade confirm 
environmental credentials34).  
To standardize green products, Product Category Rules 
(PCRs) are essential35). PCRs are specific guidelines and 
rules developed for a particular product category within the 
context of LCA36,37). They are used to standardize the 
assessment process for products in the same category, 
ensuring consistency and comparability of environmental 
performance data38-41). In Life Cycle Assessment (LCA), 
PCRs relate green products by providing a framework for 
evaluating the environmental performance of green 
products within specific product categories 42,43,44). PCRs 
help manufacturers identify improvement areas, ensuring 
transparency, credibility, and consistency in promoting 
sustainability in product design 45,46,47). 
Indonesia has demonstrated its commitment to 
sustainability through Presidential Regulation No. 98/2021, 
addressing the economic value of carbon and setting the 
stage for a carbon tax to mitigate climate change48,49). On 
the global stage, the EU has implemented the most 
extensive carbon pricing system in the world, the 
Emissions Trading System “ETS”50,51). They would 
introduce a new Carbon Border Adjustment Mechanism 
(CBAM) and plan to collect the tax in stages, starting in 
202652,53,54). They propose to implement the CBAM 
mechanism in a phased manner for specific goods from 
non-EU countries55,56). The CBAM will initially be 
implemented on imports within five sectors that are 
considered emissions-intensive and face a higher risk of 
carbon leakage. These sectors are cement, iron and steel, 
aluminum, fertilizers, and power, requiring non-EU 
countries to meet equivalent carbon costs57-61). 

CBAM entered its transitional phase in 202362,63). During 
this period, importers are required to report emissions data 
for certain carbon-intensive goods without paying fees64,65). 
If the entrepreneur wants to export products included in the 
scope of CBAM, the first thing the entrepreneur must do is 
get permission from the authorities and then declare the 
shipped goods66,67,68). 
A “Deforestation-Free Product” (DFP) is a product 
manufactured or produced in a way that does not contribute 
to deforestation69). Deforestation refers to clearing forests, 
typically converting the land for agriculture, logging, or 
other forms of development70,71). It has significant 
environmental and social impacts, including the loss of 
biodiversity, disruption of ecosystems, and contributions 
to climate change72,73,74). DFP initiatives and certifications 
have emerged as a response to the need for sustainable and 
environmentally responsible production practices75,76). 
Companies and organizations that produce DFPs commit 
to sourcing their raw materials and ingredients from 
suppliers who adhere to strict environmental standards, 
particularly regarding forest conservation77) 
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DFPs are often associated with products that use palm oil, 
soy, beef, and paper, linked to deforestation in some 
regions78). Companies that promote DFPs aim to reduce 
their environmental footprint and contribute to preserving 
of forests and the ecosystems they support79). Consumers 
concerned about deforestation and its environmental 
impacts may choose to support DFPs to make more 
sustainable choices in their purchasing decisions80,81,82). 
However, verifying the claims and certifications 
associated with such products is essential to ensure their 
credibility and effectiveness in combating deforestation. 
In the context of the proposed carbon trading regulations, 
several sectors are of primary focus, including cement, 
palm oil, iron and steel, and soybean sectors83). 
Additionally, the aluminum, cocoa, and fertilizer sectors 
are also included in these regulations84,85). Energy 
resources such as natural gas, oil, and coal, as well as the 
livestock sector, which includes beef and cattle, are 
significant components of this discussion86,87,88,89). Other 
relevant energy sectors include electricity, timber, and 
wood pulp, as well as commodities such as coffee and 
rubber90,91,92). These sectors will be impacted by carbon-
related trade regulations, in line with regional regulatory 
frameworks such as the EU's CBAM and the US carbon 
border policies93-97). Therefore, these sectors are crucial for 
Indonesia's export industry and must adapt to emerging 
regulations to maintain competitiveness in global markets. 
Given that products from these sectors, such as palm oil 
and soybeans, are often associated with deforestation 
issues, it is essential for companies to adopt DFP practices 
to meet the growing market demand for sustainability98,99). 
To comply with CBAM and DFPs, in the context of 
environmental sustainability and transparency in product 
labeling, CBAM and DFPs need PCRs100,101,102). Relevance 
to DFPs, when claiming that a product is deforestation-free, 
there is a need for transparent and standardized criteria to 
define deforestation-free production. PCRs can be 
developed for specific product categories (e.g., palm oil, 
soy, and timber) to establish the LCA methodology for 
assessing the impact of deforestation and ensuring that 
products meet the deforestation-free criteria103,104). CBAM 
can use LCA and PCR methodologies to accurately assess 
the carbon footprint of imported products105). This 
assessment involves considering emissions associated with 
production processes, transportation, and potentially the 
carbon intensity of the energy used106,107). When assessing 
the carbon footprint of imported goods, CBAM can also 
consider the carbon intensity of the energy sources used in 
their production, which aligns with LCA 
principles108,109,110). 
Applying LCA and PCR methodologies enables the 
evaluation of supply chain environmental impact and 
ensures compliance with deforestation-free criteria for 
DFPs111,112). LCA and PCR methodologies play a crucial 
role in both the implementation of CBAM and the 

certification of DFPs. They provide the scientific 
foundation for assessing environmental impacts and 
ensuring the transparency and credibility of claims related 
to carbon emissions and deforestation-free practices in 
various product categories113,114,115). 
In recent years, several Southeast Asian countries have 
made significant strides in developing national Life Cycle 
Inventory (LCI) databases to support environmental 
sustainability and carbon management116,117,118). Thailand 
has established the Thai National LCI Database, focusing 
on key sectors such as energy and agriculture119,120,121). 
Malaysia, through SIRIM, has developed its own LCI 
database to enhance transparency in industrial 
processes122,123). Indonesia, in collaboration with Japan and 
Thailand, is working on expanding its LCI database, 
focusing on key export commodities. Despite these efforts, 
the integration and harmonization of these national 
databases, particularly in relation to the Global Database 
of PCR, remain underexplored. 
This study addresses this gap by analyzing the Global 
Database of PCR and its applications across industries, 
comparing LCI database development procedures in 
Southeast Asia, and outlining a roadmap for establishing 
Indonesia’s LCI database in collaboration with Japan, 
Thailand, and Malaysia. Understanding these integration 
pathways is essential for enhancing sustainability 
performance, improving international trade readiness, and 
reducing environmental impacts in line with global 
standards124,125).  

2. Methodology 
This research undertook an extensive qualitative analysis, 
focusing on the Global Database of PCR and it is 
application across industries and supply chains126,127,128). It 
involved a comparative assessment of National Life Cycle 
Inventory (LCI) database development procedures in 
diverse countries. Notably, the study emphasized 
elucidating the roadmap employed in partnership with 
AIST, Japan for establishing Indonesia’s LCI database.  
Based on Figure 1, the methodology involved evaluating 
LCI database development procedures in countries such as 
Japan, Thailand, and Malaysia to identify best practices 
and challenges. It also analyzed Japan’s Inventory 
Database for Environmental Analysis (IDEA) formats to 
assess their applicability for structuring Indonesia’s LCI 
database129). Furthermore, the study examined the 
significance of National PCRs in standardizing Life Cycle 
Assessment (LCA) across international contexts, 
supported by case studies from Japan, Thailand, Malaysia, 
and Indonesia. Challenges and opportunities specific to 
Indonesia’s environmental sustainability efforts and LCA 
management were also identified and addressed.  
The findings highlighted the pivotal role of PCRs in 
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Fig. 1: Research Flowchart 

ensuring consistency, reliability, and comparability in 
LCA studies. The study emphasized the necessity of 
developing tailored PCRs and industry-specific LCI 
databases to enable more precise environmental impact 
assessments and informed decision-making. Based on 
these findings, the research proposed a comprehensive 
strategy for advancing the development of industry-
specific PCRs and improving LCI database infrastructure 
to support Indonesia’s sustainability goals. 
The following outlines the stages involved in writing the 
article: 
• Preparation  
The author identifies a problem or establishes a theme to 
be explored in the article concerning the LCI platform for 
industries in Indonesia. 
• Literature Review  
This stage involves reviewing relevant studies and 
references related to the development of the LCI platform 
in Indonesia. The focus is on the national LCI database and 
PCRs to understand existing developments, challenges, 
and standards. This review serves as a foundation for 
further research in developing an LCI platform tailored to 
Indonesia's needs. A structured search was conducted in 
Scopus, Web of Science, and Google Scholar (January 
1991–June 2025) using combinations of "life cycle 
inventory", "LCI", "platform", "database", "development", 
"establishment", and the country names Japan, Thailand, 
and Malaysia. The search yielded 40, 31, and 60 records, 
respectively. Only peer-reviewed journal articles relevant 
to national or sectoral LCI database development or PCR 
frameworks in English were included; proceedings, reports, 
corporate-level LCIs, and studies lacking methodological 
detail were excluded. After screening titles, abstracts, and 
full texts, 20 journal articles were retained for qualitative 
synthesis, ensuring transparency and reproducibility in the 
literature selection process (Table 1). 
• Article composition 
The writing process incorporates references from 

conference proceedings, national and international journal 
articles, books, workshops, and official websites. During 
this phase, the author presents the current status of LCI 
platform development in other countries and compares it 
with the needs in Indonesia, beginning with the 
background of the issue, the objectives of the article, and 
concluding with the results and recommendations. 

3. Results and Discussion 
3.1. Literature of Development and 
Application of LCI Platform 
We conducted an analysis of recent journals discussing the 
model, development, and implementation of LCI platforms 
(including databases) in Japan, Thailand, and Malaysia, as 
presented in Table 1. 
Research from Japan, Thailand, and Malaysia provides 
valuable insights for the development of LCI platforms in 
Indonesia, each with a focus relevant to the local context. 
Japan, with its advanced development of LCA 
methodologies and the implementation of LCI database 
systems across various industrial sectors, serves as an 
example of how a country can establish an integrated 
environmental data system for policymaking and natural 
resource management130-133). In contrast, Thailand 
demonstrates the application of LCA in the agriculture and 
renewable energy sectors, particularly for biomass-based 
products such as rubber and corn, which could inspire 
Indonesia in managing the environmental impacts of 
agriculture and the development of renewable energy134-

137). Meanwhile, Malaysia, having developed 
normalization values and LCI weighting based on local 
data, emphasizes the importance of a context-based 
approach in designing LCI platforms tailored to national 
needs138-141). From these three countries, Indonesia can 
draw lessons on adapting LCI methodologies and systems 
to local conditions, as well as the significance of 
collaboration between government and industry to ensure 
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the successful implementation of LCI platforms that 
support sustainability policies. 

3.2. A Comparison of National Life Cycle 
Inventory (LCI) Databases Roadmap 
The roadmap for the development of national Life Cycle 
Inventory (LCI) databases demonstrates significant 
variations between countries, reflecting their distinct 
approaches and levels of maturity in life cycle assessment 
(LCA) practices142). The development roadmap of two 
countries that have partnered with Indonesia in 
establishing its national LCI database—Japan and 
Thailand—provides valuable insights into best practices 
and challenges. Japan, a pioneer in LCA practices, began 
its journey in 1995. Unlike many nations adhering to the 
United Nations Environment Programme (UNEP) 
guidance, Japan followed an independent pathway that 
emphasized self-reliance and innovation. With a focus on 
creating extensive data repositories, Japan has cemented its 
global leadership in the field. In contrast, Thailand has 
adopted a more regional approach, aligning with Southeast 
Asian sustainability goals while integrating lessons from 
international practices. 
Indonesia's initiative, spearheaded by the Agency for the 
Assessment and Application of Technology (BPPT) and 
subsequently managed under the National Research and 
Innovation Agency (BRIN), was conceptualized in 2019. 
Indonesia’s roadmap, depicted in Figure 2, aims to emulate 
the strengths of both regional and international examples, 
incorporating best practices from global leaders like Japan. 
LCI constitutes an essential element within the life cycle 
assessment (LCA) framework, a methodology for 
evaluating the environmental consequences of products or 
processes across their complete life cycle, encompassing 
activities from raw material acquisition to disposal. LCI 
involves collecting data on the resources (e.g., materials, 
water, energy) used and the by products (e.g., emissions, 
waste) generated at each stage of the product’s life cycle. 
LCI databases are data repositories providing information 
on the environmental impacts of various products, 
processes, and materials. These databases serve as the 
foundation for accurate, comparable, and systematic LCA. 
The integration of international standards, such as the 
Greenhouse Gas (GHG) Protocol, is essential in ensuring 
the comparability and reliability of LCI databases. The 
GHG Protocol categorizes emissions into three scopes: 
• Scope 1 (Direct Emissions): Emissions originating 

from sources that are directly owned or controlled 
by the business, including fuel combustion in 
manufacturing facilities or company-operated 
vehicles. 

• Scope 2 (Indirect Emissions): Emissions arising 
from the production of acquired energy, including 
electricity, steam, or heat utilized by the company. 

Scope 3 (Other Indirect Emissions): Emissions generated 

throughout the value chain, encompassing both upstream 
and downstream operations, including raw material 
extraction, transportation, distribution, waste disposal, and 
product utilization. 
By aligning its LCI database development with the GHG 
Protocol, Indonesia can enhance the capacity to quantify 
emissions across all scopes, ensuring transparency and 
compliance with international sustainability standards. 
This approach will provide robust data to assess 
environmental impacts, monitor pollution sources, and 
identify opportunities for mitigation. Lessons from Japan’s 
roadmap underscore the importance of incorporating 
global standards into national databases to establish a 
comprehensive and internationally recognized LCI 
database, facilitating informed policymaking and 
industrial practices. 
 

3.3. Data Format for National Life Cycle 
Analysis (LCA) Databases 
The organization of data within LCI databases is critical to 
ensuring accessibility and usability. Japan’s LCI database, 
maintained by IDEA, employs a highly structured data 
format that facilitates efficient retrieval and utilization. 
Two primary components define this format: 
Item Code: A 9-digit identifier created by combining a 
classification code (6 digits) with a 3-digit identification 
number. Zeros are added to the classification code to 
achieve the required length. 
Product Code: A 13-digit identifier that includes the 9-digit 
item code, a single-digit attribute flag, and a 3-digit 
country code. 
This structured approach, ensures that data is organized 
systematically, allowing for easy identification and 
analysis. The adoption of such formats in Indonesia’s LCI 
database development can significantly enhance data 
organization and user-friendliness. This format’s clarity 
and efficiency will support more accurate and consistent 
environmental assessments. 
Adopting the IDEA data format provides Indonesia with a 
standardized framework that aligns with international 
practices, enabling greater interoperability and 
comparability of environmental data. This alignment will 
support Indonesia’s integration into global sustainability 
initiatives and enhance its capacity for environmental 
monitoring and decision-making. 

3.4. National Product Category Rule (PCR) 
Development 
PCRs are typically developed by industry associations, 
environmental organizations, or regulatory bodies to 
ensure consistency and comparability in LCA studies for 
similar products144). PCRs specify aspects such as the 
functional unit, system boundaries, data sources, allocation 
methods, and impact categories to be considered when 
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Table 1: Literature review of LCI platform development in Japan, Thailand, and Malaysia 

Authors Significance Contribution 
M. Yano, and K. Kamiya, 
(2000)130) 

Details the objectives and key 
achievements of Japan's national LCA 
project in the development of LCA 
methodologies and databases. 

Provides a framework for the development of 
comprehensive LCA methodologies and databases, along 
with their applications for industry and environmental 
administration in Japan. 

M. Finkbeiner, and Y. 
Matsuno, (2000)131) 

Provides an overview of the 
development of LCA in Japan, from 
the past to the present. 

Provides the methodological foundation and development 
of LCA in Japan, with a focus on industrial 
implementation and government applications. 

M. Yano, R. Aoki, Y. 
Nakahara, N. Itsubo, and T. 
Ohta (2000)132) 

Presents an update on the national 
LCA project launched by MITI to 
develop an LCA database and 
methodology applicable across Japan. 

Introduces the role of this project in the development of 
LCA methodology and a national database system for 
Japan, as well as its applications in the industrial and 
government sectors. 

Y. Nakahara, (1999)133) Focuses on the progress of the 
database committee in the national 
LCA project, as well as the 
development of the public LCA 
database system in Japan. 

Explains the development of LCA data formats and the 
role of the database system in providing accessible data 
for industries and users. 

T. Supasri, N. Itsubo, S.H. 
Gheewala, S. Sampattagul, 
(2020)134) 

Assesses the environmental impact of 
maize cultivation and biomass 
utilization in northern Thailand. 

Provides data and analysis on the environmental impacts 
of maize agriculture and biomass energy production, 
along with recommendations for more sustainable 
biomass management policies. 

N. Lecksiwilai, and S.H. 
Gheewala (2020)135) 

Evaluates the environmental impact 
of biofuels in Thailand, focusing on 
land-use changes and water resource 
utilization. 

Provides insights into the trade-offs between 
environmental impacts such as greenhouse gas emissions 
and the use of other resources in biofuels, which can aid 
in policymaking decisions. 

S. Pyay, W. Thanungkano, 
J. Mungkalasiri, and C. 
Musikavong (2019)136) 

Evaluates the environmental impact 
of intermediate rubber products in 
Thailand based on the Product 
Environmental Footprint (PEF) 
framework. 

Contributes to Thailand's efforts to enhance the 
competitiveness of its rubber industry in the European 
market by applying the PEF framework to reduce 
environmental impacts. 

S.H. Gheewala, and T. 
Mungcharoen (2017)137) 

Provides a comprehensive overview 
of the development and application of 
LCA in Thailand. 

Presents the history of LCA development in Thailand, 
from academic research to its application in policy and 
industry. 

S. Muhaba, M.R. Darun, 
and A.N. Oumer (2024)138)  

Assesses the environmental impact of 
petrochemical industrial wastewater 
treatment in Malaysia. 

Provides a comprehensive analysis of energy use and the 
potential for energy recovery in petrochemical 
wastewater treatment, with a comparison between 
existing and ideal scenarios. 

N.M. Rusli, Z.Z. Noor, and 
S.M. Taib (2023)139)  

Assesses the environmental impact of 
rice production in the Muda Granary 
Area, Kedah, Malaysia. 

Identifies the impacts of fertilizer and pesticide use, and 
provides recommendations for better nutrient 
management to reduce environmental impacts. 

N.A. Abu Bakar, A.M. 
Roslan, M.A. Hassan, 
M.H.A. Rahman, K.N. 
Ibrahim, M.D.A. Rahman, 
and R. Mohamad (2022)140) 

Provides an LCI model for glucose 
production from rice waste in 
Malaysia. 

Identifies the greatest impacts in glucose production from 
rice waste, with an emphasis on biomass management 
and the reduction of greenhouse gas emissions. 

C. Hafizan, N. Hussein, and 
Z.Z. Noor (2021)141)  

Presents an overview of the 
application of the LCA framework in 
Malaysia. 

Provides an overview of the application of LCA in 
Malaysia's government and industrial sectors, along with 
the challenges faced in adopting this approach. 

assessing the environmental performance of products 
within a specific category145,146). Table 2 summarizes PCR 
distributions across countries, illustrating the diversity of 

focus areas. Globally, the product category with the 
highest number of PCRs is Food & Beverages, with a total 
of 31 PCRs. This indicates significant  attention to
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Fig. 2: Development concept of Indonesian National LCI database, redrawn and adapted from N.A. Sasongko et al. (2022)143) 

sustainability within the food and beverage sector, 
considering its impact on natural resources, greenhouse 
gas emissions, and waste. This category may be driven by 
increasingly stringent regulations regarding sustainability 
and environmental concerns in food production, which 
require comprehensive life cycle assessments of 
product150).  
In Southeast Asia, Thailand stands out as the country with 
the highest number of PCRs, reflecting the country's 
commitment to adopting and developing sustainability 
standards through life cycle assessments of products. This 
suggests that Thailand has a more developed infrastructure 
and supportive policies for PCR development, which could 

Table 2: PCR database for several countries147,148,149) 

No. Country Product Category Number 
1 International Chemical 15 

Construction 64 
Electricity, Steam & 
Fuels 

2 

Food & Beverages 31 
Furniture & other goods 5 
Infrastructure & 
Buildings 

15 

Machinery & equipment 18 
Metal, mineral, plastics 
& glass products 

19 

Paper and plastic 
products 

8 

Services 14 
Textiles, footwear & 
apparel 

20 

Vehicles & transport 
equipment 

8 

2 Japan All categories 83 
3 Thailand National Product 53 

General Product 188 
4  Malaysia National Product 25 

serve as an example for other countries in Southeast Asia 
to follow in enhancing the consistency of environmental 
impact assessments and supporting global sustainability 
goals151,152). 
The development of the National LCI Database is related 
to PCR, namely in the following cases:  
Data Source: LCI databases are primary data sources for 
life cycle assessments. They provide data on the 
environmental impacts of various materials, processes, and 
energy sources. PCRs often specify which data sources and 
quality requirements should be used when performing an 
LCA for a particular product category. LCI databases may 
contain data that aligns with these requirements. 
Consistency and Comparability: PCRs help ensure that 
LCA studies for products within the same category are 
consistent and comparable. By adhering to the PCR for a 
specific product category, LCA practitioners can use the 
same set of rules and guidelines, making it easier to 
compare the environmental performance of similar 
products. LCI databases that follow these rules can 
facilitate this consistency. 
LCI Data Development: LCA database developers may 
collect and organize data that meet the criteria specified in 
PCRs to align LCI databases with the requirements. For 
instance, they may undertake this process to support LCA 
studies when a new PCR is established for a specific 
product category. 
The relationship between National LCI Database 
Development and PCRs is that LCI databases serve as 
valuable data sources for conducting LCAs following PCR 
guidelines153,154). PCRs help standardize the LCA process 
for specific product categories, ensuring consistency and 
comparability in environmental assessments155). LCI 
databases can be structured to align with these PCR 
requirements, making it easier for LCA practitioners to 
perform assessments within those categories. Figure 3  
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Fig. 3: PCR Development, redrawn in a different style, adapted from Ingwersen and Subramanian (2013)156) 

Table 3: Comparison of national LCI platform157,158,159) 

Aspect Japan Thailand Malaysia 

Platform Name JEMAI-LCA, MiLCA Thailand LCI Database Malaysia LCI Database 
Leading 
Initiative 

Ministry of Economy, Trade, and 
Industry (METI), AIST 

Thailand Greenhouse Gas 
Management Organization (TGO) 

Malaysian Green Technology 
Corporation (MGTC) 

Focus Sectors Industry, energy, transportation, 
agriculture 

Agriculture, industry, energy Industry, agriculture, energy 

Data 
Availability 

Comprehensive database with local and 
global data 

Developing database, focus on local 
data 

Developing database, focus 
on local data 

Integration 
with LCA 

Integrated with LCA tools like SimaPro 
and OpenLCA 

Integrated with LCA tools like 
OpenLCA 

Integrated with LCA tools 
like SimaPro and OpenLCA 

International 
Collaboration 

Active in ISO, UNEP, and global 
projects 

Collaboration with UNEP and 
ASEAN 

Collaboration with UNEP 
and ASEAN 

Challenges Data maintenance, expansion to new 
sectors 

Limited data availability, capacity 
building 

Limited data availability, 
capacity building 

illustrates the steps involved in the development of Product 
Category Rules (PCRs). 
In the global context, regulatory frameworks like as the 
Carbon Border Adjustment Mechanism (CBAM), 
implemented by the European Union, underscore the 
necessity for comprehensive and standardized 
environmental assessments. The CBAM requires non-EU 
suppliers to assess the carbon footprint of their products 
before entering the EU market. This highlights the critical 
role of LCI databases in providing precise life cycle data 
for compliance with international standards. 
A clear overview of the CBAM process, highlighting its 
crucial role in fostering carbon accountability among non-
EU suppliers. By visualizing the mechanism, stakeholders 
can better understand the importance of adopting 
standardized environmental assessments to meet these 
regulatory requirements. 

3.5. National Life Cycle Inventory (LCI) 
Platform 
Japan, Thailand, and Malaysia are more advanced in the 
implementation of Life Cycle Inventory (LCI) due to well-
structured LCI platforms and strong government support. 
Japan has the JEMAI-LCA platform, widely used in 
industry and research, while Thailand and Malaysia are 
beginning to adopt LCI for key sectors with a focus on 
sustainability. Comparison of the three countries is shown 
in Table 3. 
Japan has the most advanced LCI Platform with a 
comprehensive database and global integration, while 
Thailand and Malaysia are still in the development phase, 
focusing on local data. All three countries face similar 
challenges, such as limited data availability and the need 
for capacity building, but they are also actively engaged in 
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international collaborations to strengthen LCI and LCA 
infrastructure. For Indonesia, the comparative analysis 
indicates that developing a robust LCI database and 
standardized PCRs is needed to address the data gaps 
identified in this studyand enhance compliance with 
emerging global regulatory frameworks, such as the EU’s 
CBAM. The lack of a dedicated governing body to 
supervise LCA and PCR operations in Indonesia 
constitutes a substantial obstacle. Creating such an agency 
is crucial for defining, maintaining, and enforcing 
environmental standards, ensuring Indonesia's alignment 
with global sustainability frameworks and compliance 
with international trade obligations. 

4. Conclusion 
The development of a comprehensive Product Category 
Rule (PCR) system and a National Life Cycle Inventory 
(LCI) Database is pivotal for enabling robust life cycle 
assessments (LCAs) and strengthening Indonesia’s 
sustainability transition. . This review uniquely integrates 
technical recommendations, stakeholder frameworks, and 
regional collaboration strategies—linking PCR and LCI 
development directly to compliance with global 
mechanisms such as CBAM and deforestation-free product 
requirements. By consolidating experiences from other 
Southeast Asian countries and emphasizing harmonization 
with the Global Database of PCR, this work offers a 
practical roadmap tailored to Indonesia’s industrial and 
policy context.  
To operationalize this vision, the following strategic 
recommendations are proposed: : 
Establish the national Program Operator for Carbon 
Footprint of the Products (CFPs) and Type III ecolabel 
certification system based on ISO 14025, involving all 
relevant technical parties nationally (referred to Figure 3: 
Development concept of Indonesian National LCI 
database)  
National Consensus of Stakeholders (Governments, 
Industrial Associations) on Product Category Rules (PCR) 
Documents as Product Trade References; 
Multidisciplinary Team Formation. Assemble a diverse 
team of researchers or experts with backgrounds in 
environmental science, industrial processes, data 
management, and industry-specific knowledge. 
Collaborative expertise is essential for a successful project. 
Clear Scope and Objectives. Define the project’s scope, 
including the specific industries and product categories 
intended to cover. Establish clear objectives for the PCR 
and LCI Database, outlining how they will support 
sustainability assessments, industry improvements, and 
policy decisions. 
Stakeholder Engagement. Identify and involve key 
stakeholders, including industry associations, 
governmental bodies, research and academic institutions, 

and relevant businesses. Understand their needs and 
expectations to ensure the PCR and LCI Database meet 
with their requirements. 
Review Existing Standards and Guidelines. Use 
established standards and guidelines for PCRs and LCI 
Databases, such as ISO 14025 for PCRs, ISO 14040 and 
14044 for LCAs, and 14064 and 14067 for carbon footprint. 
Ensure that the project adheres to best practices and 
international standards. 
Data Collection Strategy. Develop a systematic data 
collection strategy, including methodologies for acquiring 
life cycle inventory data from various sources, such as 
industry surveys, literature reviews, and data providers. 
Robust Data Management System. Implement a robust 
data management system to ensure data quality, 
consistency, and security. Consider using dedicated 
software tools designed for LCI data management and 
analysis. 
Standardization and Documentation. Develop 
standardized procedures for creating PCRs and populating 
the LCI Database, and thoroughly document 
methodologies, assumptions, data sources, and data quality 
assessments to enhance transparency and reproducibility. 
Industry Collaboration. Collaborate closely with industry 
representatives to obtain industry-specific data, insights, 
and expertise. Encourage industry participation and 
support by highlighting the value of LCAs and 
sustainability assessments. 
Quality Assurance and Verification. Implement rigorous 
quality assurance and data verification processes to ensure 
the accuracy and reliability of the PCR and LCI Database. 
Continuous Updates and Maintenance. Recognize that 
PCRs and LCI Databases must be dynamic and regularly 
updated to reflect technological changes, industry 
practices, and environmental knowledge. Establish a 
process for ongoing maintenance and improvement. 
Education and Training. Training and guidance to PCR and 
LCI Database users to ensure effective employment of 
these resources for sustainable decision-making. 
Legal and Ethical Considerations. To ensure compliance 
and trust, address legal and ethical issues, such as data 
privacy, intellectual property, and sensitive industry 
information. 
Promotion and Adoption. Promote using of PCR and LCI 
Database among stakeholders and work to gain industry-
wide adoption. Share success stories and case studies to 
demonstrate the practical benefits of using these resources. 
Funding and Resources. Secure sufficient funding and 
resources to sustain and facilitate the project's growth over 
time. 
Monitoring and Evaluation. Establish key performance 
indicators (KPIs) to assess the impact and effectiveness of 
PCR and LCI Database in advancing sustainable practices. 
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